Oregano (Thymbra capitata and Origanum vulgare) essential oils (EOs), cultivated and extracted in the South-East of Spain, were analysed by GC/MS to determine their composition. (E)-β-Caryophyllene (0.5-4.9%), thymol (0.2-5.8%), p-cymene (3.8-8.2%), γ-terpinene (2.1-10.7%) and carvacrol (58.7-77.4%) were determined as the main molecules. This characterisation was completed with enantioselective gas chromatography, where (-)-(E)-β-caryophyllene, (+)-αpinene and (+)-β-pinene were determined as the main enantiomers. Antioxidant activity was evaluated positively by several methods, accounting for activity against free radicals and reducing power. Important inhibitory activity on lipoxygenase (LOX) and acetylcholinesterase (AChE) was observed supporting potential anti-inflammatory, anti-Alzheimer and insecticidal activities, mainly due to carvacrol. These properties support the potential use of oregano EOs as natural cosmetic and natural pharmaceutical ingredients.
Global results show six different samples having the same 9 principal molecules, i.e., α-thujene, myrcene, α-terpinene, p-cymene, γ-terpinene, linalool, thymol, carvacrol and (E)-βcaryophyllene. Specific molecules were found in high concentrations for each species. In all samples of T. capitata, the α-humulene concentration was higher, whereas in O. vulgare, α-pinene, β-pinene, terpinen-4-ol and β-bisabolene were found in higher concentrations.
Despite the important differences found between the two species, we clustered the samples in a dendrogram representation ( Figure 1 According to the similar concentrations of the components found between species (63.3%), both EOs can be considered the same culinary "spice" as their organoleptic properties must be derived from the chemical composition. Oxygenated monoterpenes are highly predominant in the six samples (Table 1) , being, at least, 66% of the total molecules. Phenol is the most abundant organic functional group, exceeding 64% of the total molecules. The hydrocarbon monoterpenes represent a maximum of 28%.
Origanum vulgare and Thymbra capitata essential oils from Spain Natural Product Communications Vol. 11 (1) 2016 115 Several ingredients show similar peak area percentages to those reported in the literature for plant samples of T. capitata grown in different countries. Some main components like carvacrol, pcymene, γ-terpinene and (E)-β-caryophyllene show similar concentrations to samples from Italy [11, 12] , Greece [1] , Portugal [13] , Morocco [14] and Spain [15] . The α-thujene concentration is similar to that of the Tunisian [16, 17] and Greek [18] reports, while the myrcene content is similar to the reports from Algeria [19] and Tunisia [20] . Thymol and α-humulene were determined in higher concentrations in the studied samples than in any other report.
Regarding O. vulgare, some international reports show similar components and concentrations; this is the case for Turkey [21] , Hungary [22] , Bosnia [23] , Italy [24] and Austria [25] . Reports from other countries show differences in the concentrations of common constituents of the EO. Thus, the Indian report [3] shows a high concentration of thymol, and the oils from Italy [26] and Argentina [2] show high values for γ-terpinene. Also, the Mexican report [27] gives high values for α-pinene and terpinen-4-ol. An Italian report [28] shows the highest value for linalool; the Brazilian oil [29] gave a high value for α-terpinene and the Tunisian oil [30] contained a high concentration of p-cymene. The studied samples showed the highest concentration of carvacrol, followed by the Serbian [31] and Italian reports [28] .
International standard comparison:
The International Organization for Standardization (ISO) has published an International Standard for T. capitata EO (ISO 14717:2008). The results showed in Table 2 were obtained taking ISO Standards for comparison. Carvacrol concentration determined in sample Tc2 slightly exceeds the maximum allowed. Also, the α-thujene threshold is not reached by sample Tc2. Apart from these small deviations in Tc2, the rest of the components of Tc2 and the two other EOs completely meet the ISO standard. Table 3 . The enantiomeric distributions of the most abundant molecules, such as (E)-β-caryophyllene and limonene, were far from 50%, typically obtained when adulteration with synthetic racemates occur. The enantiomeric predominance is the same for the two species. The (+)-enantiomeric excess is shown in the case of: α-pinene, β-pinene, phellandrene, 3-carene, limonene, trans-sabinene hydrate and αterpineol, while the (-)-enantiomeric excess is shown in camphene, borneol, (E)-β-caryophyllene and caryophyllene oxide. The enantiomeric distributions of linalool and terpinen-4-ol show the highest variability and could be useful for their characterisation. Ov2 Ov3 Tc1 Tc2 Tc3 These data could be useful to assess the origin and the authenticity of the EOs. To our knowledge, this is the widest chiral characterisation of the EOs from T. capitata and O. vulgare grown in Spain.
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The enantiomeric ratios for (-)-linalool, (+)-terpinen-4-ol and (-)borneol are similar to the ones reported from India [3] , but with differences in α-pinene, limonene and α-terpineol. The predominant enantiomers found in this study for α-pinene, camphene, β-pinene, limonene, linalool and terpinen-4-ol agree with those reported from Greece [4] , although the percentage of each enantiomer is not the same in both locations. This fact supports the use of enantiomeric distributions for location authenticity determination.
Antioxidant activity:
The ORAC antioxidant activity of each sample is expressed in TEAC (Trolox equivalent antioxidant capacity) units (µmol TE/µL EO) and resulted (Table 4) as follows:
The antioxidant activity of each EO is related to both its composition and the intrinsic antioxidant activity of each compound. Generally, the rise in the composition of oxygenated terpenes is correlated with higher ORAC antioxidant activity. In this case, carvacrol, thymol, linalool, limonene and terpinen-4-ol were responsible for the ORAC value (Tables 1, 4 and 5). However, the total ORAC value of the EO is determined not just by the main components but by the whole group of constituents.
The ABTS antioxidant activity of each sample is expressed in TEAC units (mmol TE/mL EO) and resulted (Table 4) as follows:
Phenols have great impact on the ABTS method [32] showing a strong dependence on the addition of carvacrol and thymol concentrations, with slight deviations, mainly due to limonene and terpinen-4-ol contribution ( Table 5 ). 116 Natural Product Communications Vol. 11 (1) 2016 Carrasco et al. 
The highest concentration of carvacrol was found in Ov2, thus, suggesting an influence of phenols on the results of this method. Terpinen-4-ol also has a small influence on the result of this method ( Table 5 ).
The reducing power antioxidant activity of each sample is expressed in ascorbic acid units (mg ascorbic acid equivalents/mL EO) and resulted (Table 4 ) as follows:
Phenolic compounds like thymol and carvacrol exhibit strong reducing power ( Table 5 ).
The thiobarbituric acid reactive substances generated by oxidation were measured and expressed in butylhydroxytoluene units (mg BHT/mL EO) and resulted (Table 4 ) as follows:
This assay is strongly influenced by phenols like thymol and carvacrol. γ-Terpinene has been reported as an important antioxidant using this method [33] . The additions of these three component concentrations show very similar values for the six samples. Some other components like terpinen-4-ol show a moderate TBARS value ( Table 5 ).
The different T. capitata and O. vulgare EOs evaluated showed the same common 9 principal constituents, i.e., α-thujene, myrcene, α- 
Inhibitory activity on LOX:
The results of the LOX inhibitory activity were obtained as described in Experimental section. Half maximal inhibitory concentration (IC 50 ) (µL EO/L) was measured (Table 6 ) for:
For a deeper understanding of the LOX inhibitory activity of the EO, the main commercially available compounds had their LOX inhibitory activity tested by obtaining their IC 50 (µM) value (Table  6 ). Also nordihydroguaiaretic acid (NDGA) was tested by this method as a reference inhibitor.
Regarding potential anti-inflammatory properties, LOX inhibitory activity of T. capitata and O. vulgare EOs is clearly due to a combination of high inhibitory activity and abundance of carvacrol ( Table 1 ). The rest of the inhibitory compounds (some of them being very powerful like thymol) have modulated the inhibitory response causing small variations.
Inhibitory activity on AChE:
The results of the AChE inhibitory activity were obtained as described in the Experimental section. The values of IC 50 (µL EO/L) were measured (Table 6 ) for:
Galantamine was used as a reference inhibitor. Also, carvacrol was tested as the main component of oregano EOs (Table 6 ). The results are clearly influenced by the concentration of carvacrol, as it is the main component and inhibitor present in the EOs. The possible insecticide and anti-Alzheimer properties of the studied EOs are supported by the good results of the AChE inhibitory test performed.
The biochemical compositions of T. capitata and O. vulgare are essential to understand the reported bioactivities of oregano EOs, such as antibacterial [34] , antifungal [19] , cytotoxic and colon pathogen-adhesion inhibitor [35] , phytotoxic [36] , antioxidant in biological systems [37] and nematicidal [38] . These properties, as well as the experimental results of this work, support the potential use of T. capitata and O. vulgare EOs as useful natural cosmetics and pharmaceutical ingredients. 
Experimental

Extraction of the essential oil:
The dry plants of each sample were separately subjected to steam distillation in a Clevenger apparatus. The EO collected was dried over anhydrous sodium sulfate obtaining a strong smelling pale yellow oil, which was stored at -20ºC until used.
Fast gas chromatography-mass spectrometry (FGC/MS): FGC/MS
analyses of the EOs were conducted using an Agilent GC7890 chromatograph, coupled with an Agilent MS5975 mass spectrometer as detector, with electronic impact ionisation and a single quadrupole analyser. To enhance repeatability in sampling, the analysis device was equipped with a Gerstel automatic multipurpose sampler MPS-2XT, which is able to perform sandwich injection consisting in 0.2 µL air, 0.2 µL isooctane, 0.2 µL air, 0.3 µL sample and 0.2 µL air, described from plunger to needle.
Several consumables were used in this chromatography to improve the performance: Certified low bleed injector septum, single taper inlet Focus-Liner packed with glass wool and high temperature O-Ring purchased from Supelco, 1.5 mL amber glass vials, silicone/polytetrafluoroethylene (PTFE) septa for screw caps and crimp seals (PTFE/silicone/PTFE) for long-lasting samples, mandrel-interior glass inserts with polymer feet for samples up to 300 µL from Agilent. All the samples were managed with glass, gas tight micro-syringes purchased from Hamilton. All samples were filtered with Agilent PTFE syringe micro filters (0.2 µm)
The analysis was performed on a low bleed capillary fused-silica column, SLB-5ms from Supelco (15 m length x 0.1 mm i.d. x 0.1 µm film thickness). The carrier gas used was hydrogen (flow rate constant: 0.8 mL/min, starting column head pressure: 46.345 psi), produced ad hoc with an electrolytic Parker-Domnick-Hunter generator, fed with type I laboratory water. The maximum capacity of hydrogen generation exceeds 80 mL/min at a pressure of 6 bar.
The above mentioned equipment was controlled by ChemStation software and analysed using ChemStation, MS-Search, AMDIS and the mass spectral databases NIST 08 and Wiley 7.
The injector temperature was held at 300ºC, the septum purge was set to 3 mL/min and the split valve was set to 1:100. The column temperature started at 60ºC and increased to 300ºC following the temperature programme as follows: rate 20ºC/min to 142ºC and rate 40ºC/min to 300ºC and then held for 0.5 min. For a better chromatographic resolution, some temperature ranges increased at a rate of 2ºC/min, the temperature ranges were: 92-94ºC, 121-123ºC, and 133-135ºC.
MS conditions were as follows: Temperature of the transfer line 280ºC, electronic impact ionisation energy 70 eV, mass range 30-300 atomic mass units, scan rate 21.035 scan/s (assuring at least 15 points in the smallest of the peaks, minimum for stable quantitation), electron-multiplier voltage 1129, ion source temperature 230ºC, quadrupole temperature 150ºC. The EO compounds were identified based on retention time, retention index and mass spectra of the pure compounds (standards) compiled in an in-lab built library using MSD ChemStation Data Analysis (Agilent Technologies, Santa Clara, CA). Tentative identification for each component not available commercially was attempted comparing the retention index and mass spectra with NIST and Wiley spectral databases using NIST MS Search 2.0 (NIST, Gaithersburg, MD). All the chromatograms were acquired with the Trace Ion Detection software filter activated, ensuring minimum noise interference. Further determination was made with the AMDIS algorithm to ensure that all peaks corresponded to pure compounds.
In all the chromatograms, corresponding to samples diluted in isooctane, the integration of peaks was supervised to ensure accuracy in the method obtaining the percentages of peak areas of the total ion countering (TIC) chromatogram. Retention indices (LRIs) were calculated using a homologous series of C7-C30 nalkane standard solutions from Supelco, following the IUPAC recommendations [40] for linear retention indices. The total area of each compound present in the chromatogram was integrated.
Enantioselective gas chromatography-mass spectrometry (EsGC/MS):
The same analytical device described above was used with hydrogen as carrier gas (flow rate constant: 2.5 mL/min, starting column head pressure: 8 psi), this time equipped with an Astec Chiraldex B-DM column (30 m length x 0.25 mm i.d. x 0.12 µm film thickness) from Supelco. This capillary column was made of fused silica with non-bonded 2,3-di-O-methyl-6-t-butyl silyl derivative of β-cyclodextrin. Performing under milder conditions, this column provided chiral chromatograms of the essential oils, where the chiral compounds were determined by retention time of the pure enantiomers commercially available, and double checked with the NIST spectral database. The peak areas of the triplicates were integrated and percentages of levorotatory (-) and dextrorotatory (+) enantiomers were determined.
Conditions: injector temperature 200ºC, transfer line temperature 200ºC, split 1:100, sandwich injection volumes: 0.2 µL air, 0.2 µL acetone, 0.2 µL air, 0.5 µL sample, 0.2 µL air, temperature programme as follows: starting at 35ºC, the temperature increased to 170ºC at a rate of 4ºC/min, then the temperature decreased to 35ºC again at a rate of 15ºC/min.
Antioxidant activity ORAC assay:
The ORAC values account for the ability of the samples to scavenge the peroxyl radical (ROO·). ORAC values were determined by the slightly modified method of Ou et al. [41] . In this assay, peroxyl radicals produced by a controlled source, AAPH, oxidise fluorescein to a non-fluorescent product; this reaction is registered by a fluorometer in a decay curve. The antioxidants able to scavenge these peroxyl radicals result in a higher value of area under the decay curve (AUC). The AUC was calculated using Equation (1).
Where 0 f is the initial fluorescence reading at 0 min and i f is the fluorescence reading at time i , up to n data points (usually n = 50 -200). The net AUC was obtained by subtracting the AUC of the blank (antioxidant not present) from that of the sample. Trolox, a water soluble analogue of vitamin E, was used as a control standard.
This assay was performed at 37ºC during 60 min, in a Molecular Devices Gemini XPS fluorometer controlled by the software SoftMaxPro, using a 96-well plate. Each sample was evaluated in triplicate using λ ex =485 nm and λ em =530 nm. Each assay utilized 10 mM phosphate buffer, pH 7.5, 1 µM fluorescein, 200 mM AAPH and antioxidant sample in several concentrations. Organic solvent was 1% ethanol. Trolox was used as a reference antioxidant.
ORAC values were expressed as Trolox equivalents (mol Trolox/mol compound), using the widespread Trolox Equivalent Antioxidant Capacity (TEAC) units. TEAC units used for essential oils were "quantity TE per volume of EO". This relative ORAC value was calculated as Equation (2) . Proceeding this way Trolox was determined to be 1.00 ± 0.05 TEAC.
ABTS radical cation scavenging capacity: The ABTS radical cation (ABTS •+ ) bleaching assay was carried out using the method reported in the literature [42] , with slight modifications. ABTS •+ was produced by reacting 3.5 mM ABTS with 1.25 mM potassium persulfate and keeping the mixture in the dark at room temperature for 12-16 h before use. The ABTS •+ solution was diluted with ethanol to 0.035 mM with an absorbance of 0.7 ± 0.02 at 734 nm. 
Where A 0 is the absorbance of the control (without sample) and A 1 is the absorbance in the presence of the sample. Trolox was used as a reference to express the results in TEAC units, for triplicate assays.
Free radical scavenging activity (DPPH • ):
A methanolic stock solution of each sample at different concentrations was mixed (1:3) with 100 µM stock methanolic solution of DPPH • [43] . Absorbance measurements were made at 517 nm after 60 min of reaction in the dark, at room temperature. The triplicate values of scavenging activity were reported in TEAC units, following the same process shown in ABTS assay.
Reducing power (RdP):
A methanolic stock solution of each sample (300 µL) was mixed with sodium phosphate buffer (2.5 mL, 0.2 M, pH 6.6) and potassium ferricyanide K 3 [Fe(CN) 6 ] (2.5 mL, 1% w/v) [44] . The mixture was incubated at 50ºC for 20 min. Afterwards, 2.5 mL of 10%, w/v, trichloroacetic acid was added to the mixture, which was then centrifuged for 10 min at 3000 rpm. The upper layer (2.5 mL) was mixed with distilled water (2.5 mL) and with 0.5 mL, 0.1%, w/v, FeCl 3 , and the absorbance was measured at 700 nm. Ascorbic acid was used as standard for this test, expressing the results in (quantity of ascorbic acid equivalents / volume of EO), for triplicate assays.
Thiobarbituric acid reactive substances (TBARS): TBARS was measured according to the literature, with small changes [45] . An aliquot of soy lecithin (lipid-rich media) was made up to a concentration of 10%, w/v, in KCl (1.15%, w/v) and homogenized with ultrasonication. Homogenate (75 µL) and 20 µL of the sample, dissolved in methanol, were added to a test tube and made up to 160 µL with distilled water, followed by addition of 225 µL 20% (v/v) acetic acid, pH 3.5, and 225 µL 0.8% (w/v) TBA dissolved in 1.1% (w/v) SDS. This mixture was stirred and heated at 95ºC for 60 min. After cooling to room temperature, 400 µL of n-butanol were added to each tube, stirred and centrifuged at 3000 rpm for 10 min. The absorbance of the supernatant was measured at 532 nm using a spectrophotometer. BHT was used as standard for this test, expressing the results in quantity of BHT equivalents per volume of EO, for triplicate assays.
Lipoxygenase inhibition: Lipoxygenase (LOX) (linoleate:oxygen oxidoreductase, EC 1.13.11.12) was assayed by the slightly modified method found in the literature [46] based on absorption at 234 nm of the hydroperoxide conjugated dienes (ε = 25000 M -1 cm -1 ) formed when linoleic acid (18:2, used as substrate) was oxidised in the presence of oxygen and LOX.
LOX was purchased from Sigma as lipoxidase preparation from Glycine max (soybean) and was certified as a homodimer of 108 kDa with a pI of 5.65. The enzyme was characterised in terms of substrate specificity, the substrate being a cis, cis-1,4-pentadiene system.
The assay was performed in a double beam Perkin-Elmer Lambda 35 spectrophotometer at 25ºC, controlled with UV-Winlab software.
The spectrophotometer was equipped with a pair of quartz cuvettes QS quality certified for wavelengths from 195 nm and longer, 10 mm lightpath, 1 mL volume, one used for the automatic reference subtraction and the other for the sample. The reference contained all components with the exception of substrate and inhibitors. Nonenzymatic assays were carried out, and their rates were subtracted from the steady state rates of the respective enzymatic reactions. All samples were evaluated in triplicate. The activity of the enzyme was measured based on the slope of the initial linear portion (steady state rate) of the progress curve for the enzyme reaction.
Linoleic acid was dissolved using chromatographic gradient -210 acetonitrile as co-solvent. This acetonitrile was used as co-solvent due to its lack of absorbance at 234 nm, and it was proved not to interfere significantly in the enzyme reaction at the low proportions used. Both enzyme and substrate solutions had to be kept on ice during the assays, to slow down their degradation.
The reaction mixture contained 40 mM borate buffer, pH 9.0, 4 mM NaOH, variable concentration of inhibitor in 10% acetonitrile solution and 20 µM linoleic acid, obtaining a final 6% acetonitrile concentration in a cuvette. The reaction was started with LOX addition. LOX was prepared to obtain 6.24 mU/mL, considered as one international unit (U) for enzyme activity, the amount of enzyme that catalyses the conversion of 1 µmol of linoleic acid as substrate per minute. The K M of the enzyme was determined using the assay conditions, obtaining K M = (40 ± 6) µM. Once the activity values at different concentrations of inhibitor were obtained, the inhibition degree (ID) was calculated using Equation (4) . 
Where 0 v and i v are the steady state rates in the absence and presence of inhibitor, respectively.
The main compounds of the EOs were studied to determine their IC 50 values. Data of activity against 8 different inhibitor concentrations were plotted, and fitted by non-linear regression to a two parameters single rectangular hyperbola using Equation (5).
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Acetylcholinesterase inhibition: Acetylcholinesterase (AChE) from
Electrophorus electricus was acquired from Sigma as a certified tetramer, formed of 4 equal 70 kDa subunits, having a pI of 5.5. AChE (EC 3.1.1.7) catalyses hydrolysis of acetylcholine to choline and acetic acid. The reaction was measured following the described method in the literature [47] , with slight modifications. The method is based on the reaction between AChE and acetylthiocholine to release thiocholine, which reacts with DTNB, leading to a colored compound which can be measured at 412 nm. The reaction kinetic was measured for 10 min with a Molecular Devices Spectramax 340PC microplate spectrophotometer, controlled by SoftMaxPro software. All samples were processed in triplicate and the resulting steady state rates were used as described in the LOX method.
The reaction mixture contained 100 µL of 150 mM phosphate buffer, pH 8.0, 25 µL of 4 mM DTNB, 25 µL of 400 mU/mL AChE solution in 20 mM Tris-HCl buffer, pH 7.5, 100 µL of variable concentration of inhibitor in 5% ethanol and the reaction was started by addition of 50 µL of 1 mM acetylthiocholine.
Statistical analysis:
All data were recorded as mean ± standard deviation of triplicate determinations. Each error value is magnified using the corresponding error propagation rules for arithmetic operations. Data quality was analysed by ANOVA [48] , and means were separated using Tukey's HSD (honest significant difference) considering significant differences of p < 0.05. Agglomerative hierarchical clustering based on single bond Euclidean distance was performed using each EO as a starting cluster to decide which ones are similar. Statistical analyses were conducted using SPSS (Chicago, SPSS Inc).
